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31
fragrans Lour. var. aurantiacus, which exhibit the highest diversity of carotenoid-derived 32 volatiles among flowering plants investigated (Kaiser, 2002 found from Japan through China, Indo-China, Thailand, and India, to the Caucasus region.
60
The petals of the evergreen Oleaceae flowers show by far the highest diversity of carotenoid-61 derived aroma compounds among the flowering plants (Kaiser, 2002) . proposed reaction products of the cleavage of the 9,10 (9'10') double bond of α-carotene 115 and β-carotene (Fig. 1) .
116
In petunia flowers β-ionone emission was correlated with the transcript levels of PhCCD1
117
and in chrysanthemum flowers the white color was associated with the transcript levels of 
213
The first strand cDNA was synthesized from 200 ng purified RNA using radom hexamers at 214 37°C for 60 min and TaqMan reverse transcription reagents (Applied Biosystems, Tokyo, 215 Japan). TaqMan MGB probes and primers were designed on based on common sequences 216 using the Primer express software (Applied Biosystems, Table S1 ). For endogenous control,
217
the TaqMan ribosomal RNA control reagent VIC probe (Applied Biosystems) was used. (Fig. 3) . We therefore designated the 296 cDNA as OfCCD1.
297
To determine whether OfCCD1 encodes a functional CCD, the cDNA was transferred into a 298 glutathione pGEX-6P-1 fusion vector for expression in E. coli. The recombinant protein was 299 then purified using affinity chromatography. SDS-PAGE analysis on a 12.5% acryl amide 300 gel identified a single band with a calculated molecular size of 65 kD (Fig. S2 ). This was in 301 accordance with a predicted molecular mass of 64 kD.
302
Two in vitro assays were used to determine the cleavage activity of the recombinant protein.
303
The first assay utilized ferrous iron, catalase, and ascorbic acid, and OfCCD1* purified from 
310
After cultivation of the E. coli cells in the absence of ferrous iron, the isolated enzymes 311 (OfCCD1*) showed no activity due to the lack of ferrous iron (Fig. 4) 
322
The volatile enzymatic reaction products of the cleavage of β-carotene and α-carotene were 323
analyzed by SPME-GS-MS. β-Ionone was detected in the headspace of the reaction 324 mixtures after the addition of β-carotene as substrate, and both α-and β-ionone were 325 detected as volatiles in the headspace after applying α-carotene as the substrate (Fig 5) .
326
Other putative volatile reaction products derived from the carotenoid cleavage, such as β-
327
cyclocitral resulting from the cleavage of the7,8 (7',8') double bond have not been detected.
328
These results indicate that the activity of OfCCD1 is similar to that of other CCD1 enzymes 329 involved in the cleavage of the 9,10 (9',10') double bonds of cyclic carotenoids (Fig. 5A, 330 5B). (Fig. 6 A) . When the branches were subjected to constant 358 darkness for 24 h, the transcript levels increased over the time (Fig. 6B) Fig. 6B) . At this time the flowers which were subjected to 12/12 h (dark/light) photoperiods 367 exhibited the lowest transcript levels during the dark period (Fig. 6A ).
368
To confirm that OfCCD1 peak equal transcript levels during day, the OfCCD1 transcripts of 
416
Compared to the total volatile emission, the emission of ionones was higher in early evening,
417
which means that the contribution of the ionones to the total volatiles increases during the 418 day (Fig. 7A) . 
513
Another regulatory factor can be the catalytic efficiency of enzymes with their substrates. Oxidative enzymatic cleavage of α-carotene by carotenoid cleavage enzymes yielding to α-ionone and β-ionone. In in vitro assays both oxidative cleavage steps can be carried out by CCD1 and CCD4 enzymes, respectively. Phylogenetic tree of deduced amino acid sequences of carotenoid cleavage enzymes involved in the cleavage of carotenoids (C 40 ) or C 27 apocarotenoids (CCD1, CCD4, CCD7, and CCD8) at 9,10 (9',10') double-bonds. The sequences were aligned using ClustalW (http://www. genome.jp/). The evolutionary history was inferred using the neighbor-joining method and drawn by Tree View (Table S2 ). The odor intensities of model mixtures were evaluated by 23 panelists according to the procedure described in the experimental part.
